Study design: Secondary analysis of data from a prospective cohort study. Objectives: The objective of this study was to identify the medical and demographic factors associated with the development of pressure ulcers during acute-care hospitalization and inpatient rehabilitation following acute spinal cord injury. Setting: The study was carried out at acute hospitalization, inpatient rehabilitation and outpatient rehabilitation sites at a university medical center in the United States. Methods: Adults with acute traumatic spinal cord injury (n = 104) were recruited within 24-72 h of admission to the hospital. Pressure ulcer incidence was recorded. Results: Thirty-nine participants out of 104 (37.5%) developed at least one pressure ulcer during acute-care hospitalization and inpatient rehabilitation. Univariate logistic regression analyses revealed significant association of pressure ulcer incidence for those with pneumonia and mechanical ventilation (P = 0.01) and higher injury severity (ASIA A) (P = 0.01). Multiple logistic regression showed that the odds of formation of a first pressure ulcer in participants with ASIA A was 4.5 times greater than that for participants with ASIA B, CI (1-20.65), P = 0.05, and 4.6 times greater than that for participants with ASIA C, CI (1.3-16.63), P = 0.01. Conclusion: Among individuals with acute traumatic SCI, those with high-injury severity were at an increased risk to develop pressure ulcers. Pneumonia was noted to be associated with the formation of pressure ulcers. Spinal Cord (2018) 56, 28-34; doi:10.1038/sc.2017.96; published online 12 September 2017
INTRODUCTION
Spinal cord injury (SCI) is a neurologic disorder with profound physical, psychological and socioeconomic impacts. 1 Increase in age and severity of injury are associated with long-term complications after traumatic SCI. 2 The second leading cause of death in individuals with SCI is septicemia (88.6%); usually associated with urinary tract infections (UTIs), pneumonia or presence of pressure ulcers. 3 Pressure ulcers are the second most frequent secondary complication in individuals with SCI from the time of acute hospitalization through community reintegration. 4 Pressure ulcers affect quality of life, length of stay during hospitalization and increase mortality and morbidity. [5] [6] [7] [8] Many risk factors have been associated with the formation of pressure ulcers. Medical complications, such as cardiac or renal disease, have been associated with increased risk. 9 Individuals likely to develop pressure ulcers are: those who have SCI of traumatic origin; 11 men 12 with a history of smoking, alcohol or drug use; 13 those with medical comorbidities such as diabetes mellitus, 14, 15 decreased oxygenation or hypotension; 16 those with infections such as pneumonia, urinary tract infections, osteomyelitis and other bacterial infections; 10, 17 those on mechanical ventilators; 18 and those who use steroids. 16 In the acute-care and intensive-care healthcare environments, moisture and urinary and fecal incontinence, hypo/hyperthermia and shear, have been reported as extrinsic risk factors for the formation of pressure ulcers. 13, 15, [18] [19] [20] [21] [22] Decreased nutrition or low serum albumin levels, decreased mobility and sensation, and impaired cognitive function are intrinsic factors shown to contribute to risk. 13, 14 The environment plays an important role in the development of pressure ulcers. Most studies focus on the risk factors associated with the development of pressure ulcers during community care for individuals with SCI, 5, 9, 12, [23] [24] [25] [26] [27] however less address the risk factors in this population during hospitalization or acute care. 15 Hence, identifying the factors for development of pressure ulcers for individuals with SCI in high-risk settings (for example, during hospitalization) is essential. Studies on risk factors associated with pressure ulcers most often used self-report or retrospective chart review methods. 9, 12 These methods may result in under-reporting of the data due to recall bias or misclassification of the data. Although numerous risk factors are associated with the occurrence of pressure ulcers, those factors related to increased incidence for newly injured individuals with SCI during hospitalization have not been adequately determined.
The purpose of this study was to identify the medical and demographic factors associated with the development of pressure ulcers during acute-care hospitalization and inpatient rehabilitation so that the information may help prevent pressure ulcers, reduce the risk of re-hospitalization and improve quality of life. We hypothesized medical factors such as presence of pneumonia, UTI, use of steroids and demographic factors such as gender, age and severity of injury measured by American Spinal Injury Association (ASIA) would be associated with increased risk for the formation of pressure ulcers in newly injured individuals with traumatic SCI during acute-care hospitalization and inpatient rehabilitation.
METHODS

Research design
This study was conducted at the Rehabilitation Engineering Research Center on Spinal Cord Injury (RERC on SCI) at the University of Pittsburgh and UPMC Medical Center. UPMC Medical Center provides acute care with specialized neurology and neurosurgery services for individuals with spinal cord injury. Inpatient rehabilitation care was provided in a unit dedicated to spinal cord injury rehabilitation, where patient care is led by physicians from the Department of Physical Medicine and Rehabilitation. The study is a secondary analysis of data collected on newly injured individuals with traumatic SCI during acute and inpatient rehabilitation. The RERC on SCI had the broad directive from its sponsor, the National Institute on Disability and Rehabilitation Research, to serve individuals with SCI through research and development of new technologies to improve treatment, and thus help with reintegration into society. The Center enrolled acute patients with SCI and collected blood, urine, demographic information and medical information during their acute and inpatient rehabilitation stay at UPMC and post discharge. The primary aim was to obtain information related to the incidence of pressure ulcers, the occurrence of urinary tract infections, data associated with depression and pain status, with the goal to develop a model of inflammation and healing in pressure ulcer development following SCI. 28 The RERC protocol received approval from the University of Pittsburgh Institutional Review Board. After obtaining informed consent, clinical data, plasma and urine samples were collected three times per week when the subject was in acute care, weekly in inpatient rehabilitation and annually after discharge to outpatient care for the duration of the study, up to 5 years (2008-2012) . This secondary analyses explores and examines the relationships among the medical and demographic variables and pressure ulcer outcomes. It focuses on determining predictors for incidence of first pressure ulcer. Factors included in the statistical prediction models were limited to those recorded for the primary aim of the original study.
Inclusion and exclusion criteria
In collaboration with University of Pittsburgh Model System on SCI, most participants were recruited within 24-72 h of admission to the hospital. The potential participants were eligible for the study if they met the following inclusion criteria-received acute medical and surgical treatment or were admitted to inpatient rehabilitation at UPMC hospitals, were 18 years and older and presented with acute traumatic SCI. The potential participants were excluded if they had the following comorbidities-pre-existing diseases (such as autoimmune or demyelinating diseases) that affected the inflammatory response to SCI, previous SCI or other neurological diseases that affected the motor and sensory function. Potential participants with diabetes were initially excluded from the study, but later included after the first year of data collection in an effort to increase enrollment.
Data collection
Pressure ulcer risk variables included age, gender, level of injury, other injuries associated with trauma, ASIA Impairment Scale (AIS), smoking, alcohol use and comorbidities. 5, 29 The AIS was used to grade severity of motor and sensory impairment. 30 Injury severity score, was used to record the combined severity of other traumatic injuries. 31 The AIS and injury severity score were noted from the UPMC electronic health records by the research staff. If a participant developed a pressure ulcer, the research nurses recorded the severity, size, shape and progression of the wound healing. Severity was determined using National Pressure Ulcer Advisory Panel staging system. 32 The medications and treatment protocols such as steroids, NSAIDs, pain, anti-inflammatory and any other mediation these participants were on were noted from their electronic health records.
Procedure
The primary outcome was occurrence of the first pressure ulcer. Categories of pressure ulcers considered for analysis included stage I-IV, suspected deep tissue injury and unstageable. The list of possible predictors was reduced to the following for analysis, based upon the expert opinion of a group of clinicians and review of the literature: age, AIS score, gender, use of steroids, urinary tract infection diagnosis, pneumonia diagnosis, use of mechanical ventilation and diabetes diagnosis. Use of mechanical ventilation was defined as using a ventilator, having tracheostomy or endotracheal tube, or using continuous positive airway pressure.
Analysis
All data were analyzed using Statistical Package for Social Sciences (SPSS, IBM, Armonk, NY, USA), version 20.0. Descriptive statistics using means, frequencies and standard error of mean were computed. A univariate logistic regression analysis was conducted to assess individual risk factors' ability to predict the probability of the outcome of first pressure ulcer (yes/no) during acute care or inpatient rehab. Diabetes diagnosis was a special case in the analysis because it was an exclusion criterion for the first year of the study. During the time when subjects with diabetes were excluded, 17 subjects were enrolled. We performed the univariate analysis on diabetes with and without including these 17 subjects. A multiple binary logistic regression (simultaneous method) was conducted with the independent variables selected from univariate analysis and by reviewing the literature that previously identified these risk factors. The outcome for the model was occurrence of first pressure ulcer (yes/no). As a secondary analysis, sample size was not determined before the data collection. Peduzzi et al. 33 determined that 10 cases per predictor variable would produce a valid model fit to justify the sample size. The assumptions of logistic regression, such as multicollinearity, linearity and outliers, were checked to minimize the number of predictors and include the best set of variables to maximize the strength of prediction. The Hosmer-Lemeshow goodness of fit was computed to evaluate the goodness of fit by comparing the observed model to the predicted logistic regression model. The receiver operating characteristic (ROC) curve was plotted and the area under the ROC curve (AUC) was calculated for the multiple logistic regression model to quantify the power and evaluate the accuracy of the multiple logistic regression model. An AUC varies from 0.5 (represents discriminating power not better than chance) to 1.0 (represents a perfect discriminating power). 34 The significance level was set at α = 0.05 a priori.
RESULTS
Participants
One hundred and four individuals were enrolled in the RERC on SCI study. The demographics, characteristics and medical comorbidities of the sample population are shown in Table 1 . The majority of participants' spinal cord injuries were due to falls (38%) and motor vehicle accidents (32%). The participants were followed for variable time periods through their stays in acute care and inpatient rehabilitation. Follow up terminated in acute care for 29 participants and in inpatient rehabilitation for 28 participants. Four participants began follow-up in inpatient rehabilitation. None of these four participants entered the study with an existing pressure ulcer. The mean follow-up period was 35.9 days with an s.d. of 28.2 days. Eighty-one percent of the participants in the population were Caucasians and 80% were male. Almost 93% of participants in acute care and 83% of Pressure ulcers following spinal cord injury D Brienza et al Table 1 Demographics, characteristics and medical comorbidities for all particpants in the study and subgroups made up of those that developed a pressure ulcer in acute care or in inpatient rehabilitation and those that did not developed a pressure ulcer in acute care or in inpatient rehabilitation Incidence of pressure ulcers Thirty-nine participants out of 104 (37.5%) developed at least one ulcer during acute care or inpatient rehabilitation. The incidence of a first pressure ulcer was 27% (n = 28) during follow-up in acute care and 12% (n = 12) during follow-up inpatient rehabilitation. The severity of the first occurring pressure ulcer for most of the participants in this sample was Stage II. The overall distribution of severity was Stage I (n = 3, 8%), Stage II (n = 25, 64%), Stage III (n = 4, 10%), Stage IV (n = 3, 8%), sDTI (n = 2, 5%) and unstageable (n = 2, 5%). The mean number of days from the time of SCI until onset of the first pressure ulcer was 20.2 ± 11.5 days for participants in acute care hospitalization and inpatient rehabilitation. The demographics, characteristics and medical comorbidities of all participants (n = 104) are shown in Table 1 , broken down by those participants who did and did not develop pressure ulcers during acute care or inpatient rehabilitation. Significant differences in distribution of ASIA scores, occurrence of UTI and occurrence and onset of pneumonia were found between those who did and did not develop a pressure ulcer.
Predictors of occurrence of first pressure ulcer during acute care and inpatient rehabilitation A univariate logistic regression was performed for age, gender, ASIA classification, pneumonia, UTI, steroids use and diabetes ( Table 2 ). The analysis was significant for participants with pneumonia (P = 0.01), mechanical ventilation (P = 0.01) and for injury severity (ASIA) (P = 0.01). The average number of days from the time of injury to development of pneumonia in participants with pressure ulcers in this study was 11 days. The ROC curve was calculated for all the individual predictors except diabetes and the AUC was computed ( Table 3 ). The AUC for participants who had pneumonia was 0.63 and significant (P = 0.04).
An additional univariate logistic regression analysis was performed on the participants enrolled after the elimination of diabetes diagnosis as an exclusion criterion. This analysis included 87 participants, 15 with diabetes diagnosis. Diabetes diagnosis was not significant (P = 0.39). This subgroup analysis and result suggests that the mid-study change to the diabetes inclusion criteria did not significantly skew the univariate analysis of the effect of diabetes for the entire study sample.
A multiple binary logistic regression (simultaneous method) was performed with pressure ulcer as the outcome and six predictors: age, ASIA classification, gender, steroid use, pneumonia and urinary tract infection. The pressure ulcer outcome was dichotomized into two levels (present (1) or not present (0)). The two levels in UTI, steroids and pneumonia were yes (1) and no (0). The two levels in gender were male and female, and the four levels in severity of injury were (ASIA A (1), ASIA B (2), ASIA C (3) and ASIA D (4)). Table 4 shows the results of the multiple logistic regression. All assumptions were met. A significant prediction of pressure ulcer outcome by the medical and demographic factors included in the multiple model, χ2 (9) = 19.08, P = 0.02, was found. The odds of formation of a first pressure ulcer in participants with ASIA A was 4.5 times greater than for participants with ASIA B, CI (1-20.65), P = 0.05, and the odds of formation of a pressure ulcer in participants with ASIA A was 4.6 times greater than for participants with ASIA C, CI (1.3-16.63), P = 0.01. No significant prediction of pressure ulcer occurrence by medical factors such as pneumonia (P = 0.7), urinary tract infection (P = 0.09), use of steroids (P = 0.32), mechanical ventilation (P = 0.25) and demographic factors such as age (P = 0.76) and gender (P = 0.6) was found. No differences were found between the observed and predicted group membership, Hosmer-Lemeshow χ2 (8) = 9.89, P = 0.27, indicating a good overall fit of the logistic regression model and no misspecification of the predictors. The area under the ROC curve (Figure 1 ) was 0.74 with 95% CI (0.64, 0.84), (P ⩽ 0.0001), indicating that the variables in the multiple logistic regression model significantly classified formation of pressure ulcers in the study population.
DISCUSSION
The overall pressure ulcer incidence rate of at least one pressure ulcer in the study population during acute hospitalization and inpatient rehabilitation was 38%. The observed rate is lower when compared with the rates that were reported by an earlier study indicating that 47% of participants with SCI develop at least one pressure ulcer during the period of acute-care hospitalization and rehabilitation. 35 However, the rate is consistent with the 2011 Model Systems on Spinal Cord Injury, which reported that 34% of individuals develop at least one pressure ulcer during acute hospitalization and inpatient rehabilitation. 3 Most of the pressure ulcers in earlier studies occurred in acute care as compared with that in rehabilitation units, 36, 37 these previous findings are comparable to the present study. The incidence of pressure ulcers in this study was 27% during acute care and 12% during inpatient rehabilitation.
In this study, participants with severity classification of ASIA A developed pressure ulcers at higher rates than those classified as ASIA B or C, similar to previous studies. 38 Scheel-Sailer et al. 39 performed a prospective cohort study in individuals with SCI and found similar completeness of injury a significant risk, where the odds of forming a pressure ulcer with ASIA A were much higher than ASIA C or D. A complete motor and sensory lesion (ASIA A) severely limits mobility and independent performance of other activities of daily living. 27, 38, 40, 41 In addition, individuals with an ASIA A classification of injury are typically on anesthesia and mechanical ventilation. These conditions decrease their awareness of pressure and shear forces on their bony prominences. Additional factors predisposing individuals with higher severity to pressure ulcers are urinary and/or fecal Pressure ulcers following spinal cord injury D Brienza et al incontinence resulting in increased moisture on and maceration of the skin. 42 The univariate analysis revealed pneumonia as another factor that predicted pressure ulcer outcome. On average, participants in this study were diagnosed with pneumonia within 11 days following injury. The area under the ROC determined that participants with pneumonia have greater occurrence of pressure ulcers than participants with no pneumonia, indicating a relationship between pulmonary disease and formation of pressure ulcers. Pneumonia was the only medical comorbidity that predicted occurrence of pressure ulcers in the univariate analysis, but was not significant in presence of other variables that were included in the multiple logistic regression model. Increased severity of injury and complete loss of motor control predisposes individuals with SCI to pneumonia due to ventilatory incompliance. Hence, individuals with higher level and complete SCI are dependent on mechanical ventilation. The univariate analysis also revealed mechanical ventilation to be associated with formation of pressure ulcers. Individuals dependent on mechanical ventilators' lack of movement may predispose them to develop pressure ulcers. Correlation between pneumonia and the formation of pressure ulcers has been indicated in previous studies. 13, 24, 27, 43 A previous study also revealed association between pneumonia, mechanical ventilation and pressure ulcer. 44 The pathogenesis between the formation of pressure ulcers and presence of pneumonia may be related to an inflammatory response. 45 Demographics, such as age and gender, were not significant predictors of pressure ulcer formation in this study. Although some other studies have identified age 2 and gender 11 as being associated with pressure ulcer formation, a recent study by Wilczweski and colleagues, determined demographics not to be a significant predictor. 15 Fifty-one percent of all participants developed a UTI within an average of 26 days from injury, whereas 63% of participants with pressure ulcers developed UTIs within an average of 34 days from injury. Diagnosis of UTI was not a significant predictor of pressure ulcer development. Other studies have indicated UTIs to be associated with the risk of development of pressure ulcers in acute care hospitals. 16 Most of the individuals (80%) in hospitals are predisposed to UTIs because of the use of catheters for bladder management and improper maintenance and insertion of catheters. 46, 47 Almost all the participants (93% during acute care and 85% during inpatient rehabilitation) used catheters for bladder management. These large percentages may have contributed to the reason why UTI was not found to be a predictor of PU in the multiple regression model.
Diabetes is also known to be associated with the formation of pressure ulcers. 16, 48, 49 Diabetes was not found to be significant predictor in this study's sample in the univariate analysis. The use of steroids was a not significant predictor of pressure ulcer development in either the univariate or multiple logistic regression analyses. The evidence regarding the use of steroids and formation of pressure ulcers is inconclusive. In a previous study, the use of steroids was significant in the univariate analysis and not significant in the multiple logistic regression model. 15 
Study limitations
A potential limitation to this study is the small sample size: only 104 participants were recruited. The general 'rule of thumb' for a good model fit, to have 10 cases per predictor variable, was considered. 33 Hence, only seven variables were included in the final multiple logistic regression model. Also, since the research design for this study was a secondary analysis, there were inherent disadvantages. Other possible variables, such as Braden scale score, depression score and pain scale at admission, could not be studied for association with the formation of pressure ulcers. The timing of diagnosis of certain comorbidities such as cardiovascular heart disease, nutrition, sepsis, hypotension and interventions such as dietary protein and use of support surfaces were not collected or analyzed. Twenty-nine participants' follow up terminated in acute care, which may have resulted in an underestimation of pressure ulcers if any of these participants went on to develop a first pressure ulcer in inpatient rehabilitation. Only a limited number of factors were identified in this study for the occurrence of pressure ulcers. Hence, it is essential to document additional medical factors from the electronic health records or medical records, if the Pressure ulcers following spinal cord injury D Brienza et al research staff is not able to obtain information on risk factors or comorbidities at the time of data collection. In addition, it may be interesting to explore the association between medical and rehabilitation interventions that these individuals were using and adherence to a prescribed preventive care plan and pressure ulcer incidence. Neither of these factors were considered as part of this study because we focused on the medical conditions for which we had data secondary to the parent study's methodology. Future research should include these other important factors.
CONCLUSIONS
Many risk factors have been associated with the formation of pressure ulcers. The participants with SCI are at a higher risk to develop pressure ulcers during the time of hospitalization. The study confirmed that individuals with high-injury severity are at increased risk to develop pressure ulcers. This study also suggests that the medical comorbidity pneumonia is associated with the formation of pressure ulcers.
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